Abstract. Sweet pepper (Capsicum annuum 'Resistant Giant no. 4') seedlings were grown for 6 weeks in 128-cell plug trays under 16 day/night temperature (DT/NT) regimes from 14 to 26 °C. Seedling stem length, internode length, stem diameter, leaf area, internode and leaf count, plant volume, shoot dry weight (DW), seedling index, and leaf unfolding rate (LUR) were primarily functions of average daily temperature (ADT); i.e., DT and NT had similar effects on each growth or development parameter. Compared to ADT, the difference (DIF, where DIF = DT -NT) between DT and NT had a smaller but still statistically significant effect on stem and internode length, leaf area, plant volume, stem diameter, and seedling index. DIF had no effect on internode and leaf count, shoot DW, and LUR. The root : shoot ratio and leaf reflectance were affected by DT and DIF. Positive DIF (DT higher than NT) caused darker-green leaf color than negative DIF. The node at which the first flower initiated was related to NT. The number of nodes to the first flower on pepper plugs grown at 26 °C NT was 1.2 fewer than those of plants grown at 14 °C NT.
Day temperature (DT), night temperature (NT), average daily temperature (ADT), and differences between day and night temperature (DIF) control plant morphology and physiology. showed stem elongation was affected by DT and NT; plant height increased as DT increased and NT decreased. showed that reversing DT/NT from 18/ 10 °C to 10/18 °C reduced leaf and stem elongation and promoted tillering in wheat (Triticum aestivum L.). Internode length of Lilium longiflorum Thunb. is highly correlated with DIF; internode length increased 482% as DIF increased from -16 to 16 °C . Lycopersicon esculentum L. plants grown under negative DIF (NT>DT) typically are shorter than those grown under positive DIF (DT>NT) . reported that negative DIF reduced plant height, node count, fresh weight, dry weight (DW), and leaf area in Cucumis sativus L. Managing DT/NT fluctuations during a 24-h period is one method to control stem elongation , since stem length increases as DIF increases .
Air and soil temperature have a marked effect on pepper (Capsicum annuum) plant development and flowering; as temperature decreases, development rate decreases . showed that high soil and night temperatures reduced the number of leaves that developed from the cotyledon stage until flowering.
Many peppers are produced as plugs for transplanting into fields to produce fruit. Controlling height during the plug stage is essential to avoid excessively tall plants at transplant, and inducing flowers before transplant may hasten early production. The objectives of this research were to determine the response of pepper seedlings to DT, NT, and DIF and to determine how this information might be used to produce mature, compact pepper seedlings.
Materials and Methods
Two pepper ('Resistant Giant no. 4') seeds were sown per cell in 128-cell plug trays (29 × 29 × 50 mm/cell) containing Metro Mix 510 growing medium (Grace/Sierra, Fogelsville, Pa.) and were covered with about 2 mm of fine vermiculite. The trays were placed for 17 days in a greenhouse maintained at 21 °C under natural sunlight for germination and early seedling growth. When the first true leaf started to expand, a 100% stand was established by thinning plants to one uniform seedling per cell. Plant flats then were placed randomly on tables in one of four (15.1-m 3 ) walk-in growth chambers (model UWP 3009-2; Hotpack, Philadelphia, Pa.) maintained at 14, 18, 22, and 26 °C. Plant trays were moved among chambers at 0800 and 1900 HR each day to provide 16 DT/ NT combinations. Moving plants required about 20 min. Irradiance was maintained at 250 µmol·m -2 ·s -1 supplied 11 h/day (9.9 mol·m -2 ·d -1 ) by cool-white fluorescent lamps (Philips VHO F96T12/ CW/VHO, Bloomfield, Pa.) and incandescent bulbs (Sylvania 60-W) with an input wattage of 77% and 23%, respectively. Lamps were raised as required to maintain the photosynthetic photon flux (PPF) at the canopy top.
Plants were subirrigated as required with a 14.3 mM N, 2.8 mM P, and 4.3 mM K solution of 20N-8.6P-16 .6K fertilizer at 2-or 3-day intervals until they were 4 weeks old. After that time, plants were subirrigated at 1-or 2-day intervals until they were 6 weeks old, when the experiment was terminated.
Leaf number was recorded at 3-to 4-day intervals. Shoot and root DW, plant width (measured in two directions), leaf area, stem height, internode number, length of the internode below the first true leaf, and stem diameter were recorded after the sixth week of temperature treatment. Shoots and roots were weighed after drying for 3 days at 80 °C in a forced-air oven. Leaf area was measured by an area meter (Delta-T Devices). Plant volume was calculated using the formula 3.14 × (width 1 × width 2)/2 × height, and a seedling index was calculated using the following formula :
Seedling index = dry weight × stem diameter/internode length where internode length was calculated by dividing stem height by the number of internodes.
Leaf reflectance was measured 16, 30, and 45 days after temperature treatments started for Expt. 1 and at 45 days in Expt. 2 using a spectrophotometer (model 986; X-Rite, Inc., Grandville, Mich.)
After 45 days of treatment, six plants from each treatment were transplanted to 15-cm pots containing Metro Mix 510, and the pots were placed in a 21 °C greenhouse. The node of flower set was recorded. SAS's two-way analysis ofvariance (Proc GLM, SAS Institute, 1993) was completed forplant growth indices to determine significance of linear and quadratic DT and NT responses. Data were reanalyzed using one-way analysis of variance to determine linear and quadratic DIF responses. Predictive relationships between plant indices, ADT, and DIF were determined with SAS's Proc REG .
Results
Stem length, leaf count, leaf area, plant volume, stem diameter, and shoot DW after 6 weeks of treatment increased as either DT or NT increased (Table 1) ; thus, each variable was a function of ADT ( Figs. 1 and 2 ). The increase in stem length, leaf count, leaf area, plant volume, stem diameter, and shoot DW was 210%, 100%, 500%, 930%, 60%, and 170%, respectively, as ADT increased from 14 to 26 °C. Stem length, leaf area, plant volume, and stem diameter were not statistically related to DIF when ADT was ignored (Table 1) ; however, each was highly correlated with DIF when regressed against DIF and ADT ( Figs. 1 and 2) . When ADT was similar, plants grown under negative DIF were shorter than those grown under positive DIF. The relationship of stem diameter and DIF was not distributed normally, since there was no relationship with DIF for most treatment means; however, a negative linear relationship existed between DIF and the 14 °C DT treatments (Fig. 3B) . DIF had no effect on leaf count or shoot DW.
Internode length increased as ADT and DIF increased (Table 1, Figs. 2A and 3A) . However, internode lengths were consistently shorter for a particular ADT on plants grown with 26 °C NT ( Fig.  2A) . When plotted against DIF, internode lengths of plants from the 14/14 and 14/18 DT/NT treatments were atypically short compared to those of other treatments (Fig. 3A) .
Root DW increased as NT increased and as DIF decreased; there was no significant response to DT (Table 1 ). The root : shoot ratio decreased as DT and DIF increased (Table 1, Fig. 3C ), and the proportion of DW partitioned to the roots decreased from about 22% to 13%.
A large seedling index indicates a compact, high-DW seedling. Seedling index increased as either DT or NT increased (Table 1) ; thus, it was a function of ADT (Fig. 2D ). The index increased from 0.6 to 1.6 as ADT increased from 14 to 26 °C. Since internode length was correlated negatively with DIF, seedling index decreased as DIF increased (Fig. 3D) .
Leaf unfolding rate (LUR) was a function of ADT (Fig. 4) . LUR doubled from about 0.1 to 0.2 leaves/day as ADT increased from 14 to 26 °C. The calculated base temperature and degree-days per leaf were 4.6 °C and 87, respectively, when a linear function was fit to data collected at an ADT below 21 °C. DIF had no effect on LUR.
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higher for plants grown under negative than positive DIF (Fig. 5) . Differences in reflectance were very small below 500 nm and highest at 550 nm. Reflectance at 550 nm increased from 10% to 15% when DIF decreased from 12 to -12, a 50% increase (Figs. 5 and 6A) . Most of the change in reflectance was a response to DT (Fig. 6B) . The node at which the first flower formed decreased about one node as NT increased from 14 to 26 °C (Table 1) . DT and DIF had no effect on the node at which the first flower initiated.
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Discussion
The objectives of this research were to determine the response of pepper seedlings to DT, NT, and DIF and to determine how this information might be used to manage pepper seedling production. The data showed that, for 'Resistant Giant no. 4', seedling stem length, internode length, stem diameter, leaf area, internode and leaf count, plant volume, shoot DW, seedling index, and LUR were primarily functions of ADT; i.e., DT and NT had similar effects on each growth or development parameter. DIF had a smaller but statistically significant effect on stem and internode length, leaf area, plant volume, stem diameter, and seedling index. DIF had no • Root to Shoot Ratio effect on internode and leaf count, shoot DW, and LUR. The root : shoot ratio and leaf reflectance were affected by DT and DIF, while the node at which the first flower initiated was related to NT. The developmental responses of LUR, internode count, and leaf count are similar to those found for other species in which plant development rate is a function of the ADT rather than DT, NT, or DIF . One would expect internode and leaf count to have the same response to the environment as LUR because LUR is a number calculated from leaf count over time. LUR is often described as a linear function of ADT within a species' specific limited temperature range . For pepper, LUR could be described by a linear model from 14 to about 20 °C (Fig.  4) . Using the linear model, the base temperature for pepper LUR is about 5 °C, and 87 degree-days are required to unfold one leaf. One would expect pepper seedling stem length to be correlated with ADT, since a stem length is determined by number and length of internodes and internode count increased as ADT increased (Fig. 1B) . Stem and internode length also were influenced by DIF (Fig. 3A) . These results are consistent with previous research that showed internode and stem length were influenced by DIF and ADT .
For chrysanthemum, Fuchsia xhybrida 'Dollar Princess', and Pelargonium xhortorum L.H. Bailey 'Red Elite', reported that total chlorophyll concentration and the chlorophyll a : b ratio were affected by DIF and ADT. Total chlorophyll per unit of leaf area and per unit of leaf DW increased with increasing positive DIF. Although chlorophyll was not quantified in this experiment, leafreflectance increased at wavelengths above 500 nm as DT decreased (DIF decreased), indicating decreasing leaf chlorophyll as DIF decreased from positive to negative. Plants were visibly more chlorotic as DIF decreased. These results are the same as those reported for other crops under negative DIF temperature conditions .
Studies by indicated that Cucumis sativus (`Poinsett' and 'Ashley') plants grown under negative DIF produced one-half to one-third less growth than those grown under effect on internode and leaf count, shoot DW, and LUR. The root : shoot ratio and leaf reflectance were affected by DT and DIF, while the node at which the first flower initiated was related to NT.
The developmental responses of LUR, internode count, and leaf count are similar to those found for other species in which plant development rate is a function of the ADT rather than DT, NT, or DIF . One would expect internode and leaf count to have the same response to the environment as LUR because LUR is a number calculated from leaf count over time. LUR is often described as a linear function of ADT within a species' specific limited temperature range . For pepper, LUR could be described by a linear model from 14 to about 20 °C (Fig.  4) . Using the linear model, the base temperature for pepper LUR is about 5 °C, and 87 degree-days are required to unfold one leaf.
One would expect pepper seedling stem length to be correlated with ADT, since a stem length is determined by number and length of internodes and internode count increased as ADT increased (Fig. 1B) . Stem and internode length also were influenced by DIF (Fig. 3A) . These results are consistent with previous research that showed internode and stem length were influenced by DIF and ADT .
For chrysanthemum, Fuchsia ×hybrida 'Dollar Princess', and Pelargonium ×hortorum L.H. Bailey 'Red Elite', reported that total chlorophyll concentration and the chlorophyll a : b ratio were affected by DIF and ADT. Total chlorophyll per unit of leaf area and per unit of leaf DW increased with increasing positive DIF. Although chlorophyll was not quantified in this experiment, leaf reflectance increased at wavelengths above 500 nm as DT decreased (DIF decreased), indicating decreasing leaf chlorophyll as DIF decreased from positive to negative. Plants were visibly more chlorotic as DIF decreased. These results are the same as those reported for other crops under negative DIF temperature conditions .
Studies by indicated that Cucumis sativus ('Poinsett' and 'Ashley') plants grown under negative DIF produced one-half to one-third less growth than those grown under positive DIF, based on stem height, leaf area, and top DW. In our research, pepper plugs grown at negative DIF (18/22 DT/NT) were 20% shorter and had 26% and 39% less leaf area and shoot DW, respectively, compared to those grown at positive DIF (22/18 DT/ NT). Likewise, plant canopy area and root DW were 26% and 14% less for negative-DIF-grown plants. The reduction in DW is likely related to reduced photosynthesis associated with less leaf chlorophyll and lower leaf temperatures. found that low temperature caused a delay in pepper anthesis and an increase in the number of leaves formed before the first flower when the plants were exposed to low temperature from the cotyledon stage to the three-leaf stage and that low night temperature caused more leaves to form before first flower. Our fmdings are similar.
The seedling index was developed to merge plant DW, internode length, and stem diameter data into a useful tool to identify plants with desirable horticultural characteristics. The ideal seedling transplant would, on a relative scale, have high DW, thick stems, and short internodes . Such a seedling should be easier to transplant to the field and more tolerant of transplant stress than a seedling with low DW, thin stems, and long internodes. The seedling index used in this study combined these three plant properties into one number. Seedling index was a function of ADT and DIF; it increased as ADT increased from 14 to about 20 °C and as DIF decreased. The direct effect of ADT on the index was through increased DW, and that of DIF through decreased internode length. Not included in the index, but important to early production, is the node of first flower that decreased as NT increased. A combination of all parameters suggests that the optimum conditions for production of pepper seedling transplants is to grow the plants with an ADT of at least 20 °C under negative DIF. We suggest a DT of 18 to 20 °C and an NT of 22 to 26 °C.
positive DIF, based on stem height, leaf area, and top DW. In our research, pepper plugs grown at negative DIF (18/22 DT/NT) were 20% shorter and had 26% and 39% less leaf area and shoot DW, respectively, compared to those grown at positive DIF (22/18 DT/ NT). Likewise, plant canopy area and root DW were 26% and 14% less for negative-DIF-grown plants. The reduction in DW is likely related to reduced photosynthesis associated with less leaf chlorophyll and lower leaf temperatures. found that low temperature caused a delay in pepper anthesis and an increase in the number of leaves formed before the first flower when the plants were exposed to low temperature from the cotyledon stage to the three-leaf stage and that low night temperature caused more leaves to form before first flower. Our findings are similar.
